ABSTRACT An alloantigen is a genetically determined cell-surface molecule detected by specific antisera. An identifying letter has been assigned to each genetic locus responsible for the 12 distinct families of alloantigens: A, B, C, D, E, H, I, J, K, L, P, and R. The genes of each system segregate independently of the other systems, except that the A and E are very closely linked (0.5 centimorgans). Selection experiments over numerous generations have revealed distinct changes in gene frequency of the A-E alloantigens, suggesting immune responses associated with susceptibility to coccidiosis, response to immunizations with SRBC, and selection for size of the bursa of Fabricius. Immune response effects of the C system of alloantigen genes are indicated by distinct gene frequency changes following selection for response to SRBC, selection for size of bursa of Fabricius, and macrophage nitrite production after lipopolysaccharide (LPS) stimulation. Immune response effects of the D system of antigens are indicated by data from genetic selection for response to immunization with SRBC, selection for bursa size, and 
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To whom correspondence should be addressed: ebriles@niu.edu. 606 macrophage nitrite and cytokine interleukin (IL)-6 production following LPS stimulation. Immune response effects of the I system genes are indicated by distinct gene frequency changes in lines selected for bursa size and within family comparisons for macrophage nitrite and cytokine IL-6 production following LPS stimulation. Effects of the L system, consisting of only 2 alleles, are indicated by the gene frequency changes following selection for bursa size, direct comparison of genotypes within families for monocyte phagocytosis, susceptibility to coccidiosis, outcome of Rous sarcomas, and immune responses to SRBC and Brucella abortus. Genotypes of the P alloantigen system were directly compared within families of fully pedigreed chicks with significant differences for monocyte phagocytosis. An experimental procedure for simultaneously testing for immune responses of genotypes of 9 of the alloantigen systems (A, B, C, D, E, H, I, L, and P) has been established by producing test progeny from a single cross of parent lines segregating for genes of each of the systems. D 5, H 2, I 8, J 2, K 4, L 2, P 10, and R 2 (Briles and Gilmour, 1979) . By means of fluorescent-labeled chicken immunoglobulin to detect antibodies combined with antigens, the C, D, L, and P antigens were found to be permanently present on peripheral leukocytes, and I and K antigens were revealed to be temporarily present on peripheral leukocytes during a portion of the first month after hatching (F. Kopti and W. E. Briles, unpublished data).
SELECTION AND GENE FREQUENCY
Possible immune response effects of the alloantigen systems may be indicated by the gene frequency differences between 2 populations that have undergone separate selection for contrasting positive and negative expression of particular immune traits of interest. Scott et al. (1988) reported the gene frequencies found in 2 Line 1 (female parent)  3-3  2  2  2  2  2  1  1  5-2  5  3  8  2  4  19  4  Line 4 (male parent)  2-2  2  2  1  1  2  1  1  3 -3  5  3  3  2  8  2  4  4-1  19  5  4-5  21  5-2 populations selected for large (LBL) and small (SBL) size of the bursa of Fabricius. The lines differed significantly in bursal weight by the seventh and eighth generations of selection. There was an 11-fold increase in serum immunoglobulins in 1-wk-old chicks of the LBL compared with those of SBL. There was also a gradual relative increase in the quantity of serum immunoglobulin with increasing age, and by 20 wk of age the SBL had 70% as much immunoglobulin as the LBL. The gene frequencies of alloantigen alleles of the A, C, D, I, L, and P systems were determined by blood typing. The LBL exhibited relatively high frequencies of A Values within columns with different superscript letters are different at the indicated P-value. (Qureshi et al., 2000) . population exhibited largely contrasting haplotypes in both the A-E and the C systems, indicating the desirability for further evaluation of these systems for coccidiosis resistance by challenging alternate genotypes in a segregating population.
Blood typing of 2 lines selected 13 generations for high antibody (HA) and low antibody (LA) response to SRBC injections disclosed genetic segregation of the A, C, D, E, H, and I alloantigen systems; both lines were homozygous for L 2 (Martin et al., 1990) . The A, C, and D systems were segregating for 3 alleles each, and the E, H, and I systems were segregating for 2 alleles each. The HA line had alleles at moderate frequencies in the A, C, and E systems whereas the LA line had primarily only one allele in each of the A, C, and E systems. In the LA line 3 equally frequent D alleles existed, whereas in the HA line there were only 2 D alleles, one of which was highly frequent. Thus, the 2 lines appeared to differ considerably in gene frequencies for 4 of the 6 systems displaying genetic segregation.
GENOTYPIC DIFFERENCES
Utilizing individual chickens typed from the 10th generation of the HA and LA lines, Martin et al. (1986) conducted experiments testing alloantigen genotype resistance to natural and controlled exposure to Eimeria tenella. Matings were established between parents having known C, D, or I genotypes. Chicks were tested in 2 natural exposure trials using litter contaminated with E. tenella. In trial 1 chicks resulting from line HA mating 
SIMULTANEOUS SEGREGATION OF NINE ALLOANTIGEN LOCI
A mating system useful in producing families of chicks segregating simultaneously for the several alloantigen systems has been developed from strains of chickens utilized at the Northern Illinois University (NIU) laboratory since 1970. Two chicken stocks of diverse origin have been designed for crossing to yield full and half-sib families with segregating alloantigen genes that can be tested for associated response to an immunological challenge ( Table 1 ). The female parent (line 1) was derived originally from Wisconsin inbred Line 3 by crossing to chickens of White Leghorn extraction and backcrossing selectively to the original Ancona line. In contrast, the male parent (line 4) was derived originally by crossing White Leghorn commercial parent lines followed by selective mating over a period of years to retain an array of segregating alloantigen systems.
MACROPHAGE FUNCTIONS
The data presented (Tables 2 through 5) on macrophage function involved progeny from the NIU cross of line 1 × line 4. Sephadex-elicited macrophages from 171 chicks at 4 wk of age were evaluated for phagocytosis of Escherichia coli (Qureshi et al., 2000) . Among the 8 segregating alloantigen systems, analysis revealed that genotypes within the L and P systems differed significantly in the percentage of phagocytic monocytes (Table 2) .
Sephadex-elicited macrophages were stimulated with lipopolysaccharide (LPS) to produce culture supernatants that were tested for nitrite and cytokine interleukin (IL)-6 levels (M. A. Qureshi and W. E. Briles, unpublished data). Nitrite or IL-6 production of macrophages of C, D, and I systems appeared to be influenced by the B system haplotypes also segregating in the different challenge populations produced by crossing NIU line 1 × line 4. The nitrite production data of LPS-stimulated macrophages of chicks differing in C B 5 cross may be due to an interaction with the B genotypes differing in the 2 crosses or to chance deviation between years. This possible effect of the B background should be evaluated with both sets of B system genotypes segregating simultaneously in a single population where corresponding C alleles are also segregating.
The same populations of chickens producing the data presented for the C system in Table 3 were also evaluated for nitrite production associated with the D system ( (Table 5) . To determine the valid- ity of this contrasting interaction, both sets of B system background genotypes should be produced simultaneously in the same population.
L SYSTEM INTERACTS WITH B SYSTEM
Utilizing the known role of the B system in determining the fate of Rous sarcoma virus (RSV) induced tumors (Collins et al., 1977) , chicks were produced from a mating of NIU line 1 B 2 B 2 females with line 4 B 2 B 5 males, with the individual parents also selected to result in segregation among the progeny of alleles for the A, C, D, E, H, I, L, and P systems. At 6 wk of age, the progeny were inoculated in the wing web with 30 pfu of Bryan high-titer strain of Rous sarcoma virus and subsequently evaluated for tumor formation and mortality (LePage et al., 2000) . Of the 9 alloantigen systems evaluated for influence on the fate of Rous sarcomas, a significant influence on mortality was found for the B and L systems (Table 6) (Clare et al., 1985) C, D, E, H, I, L, and P (Taylor and Briles, 2000) . A total of 258 chicks was weighed at 5 wk of age and challenged with 30,000 E. tenella oocysts. Six days after challenge, the birds were weighed, and cecal lesion scores were assessed. Analyses for the non-MHC alloantigen systems were performed separately on the B 2 B 2 and B 2 B 5 progeny. Among the 8 alloantigen systems, only the L system exerted a significant effect ( . Thus, the appearance of cecal lesion scores among E. tenella-infected chicks appears to have resulted from an interaction of the B and L alloantigen system genotypes.
L SYSTEM AFFECTS ANTIBODY PRODUCTION
In view of the involvement of the L system in several immune response effects, a mating was designed to produce progeny for evaluation of specific antibody response. A parental stock derived from NIU line 1 × line 4 of the genotype (B (Medarova et al., 2003a) . Two experimental populations of progeny were produced. At 4 wk of age, one group was injected with 1 mL of 2.5% suspension of SRBC. The other group was injected with 0.1 mL of a 10% solution of Brucella abortus standard tube test antigen. Blood samples were taken 7 d postinjection. Serum from inoculated birds was preserved for titer assay. Each injection procedure was repeated at 11 wk of age. The secondary titers against SRBC and B. abortus produced in the B 2 B 5 chicks differed for the L genotypes, with L 2 allele responding with the highest titers against SRBC and L 1 responding with the highest titers against B. abortus (Table 8 ). This contrasting result of alternate effectiveness of L 1 and L 2 alleles is perhaps an example of a highly specific interrelation between host genotype and response to an environmental challenge. Values having no common letters differ significantly (P = 0.022) . Values within columns having different letters are significantly different (P < 0.05) (Medarova et al., 2003a) .
SUMMARY
The objective of reviewing the immune effects of the non-MHC alloantigen erythrocyte systems has been to consider the more salient developments, even though some data are yet to be published. A more comprehensive review of the nature and function of avian alloantigens, including the B system, is presented by Medarova et al. (2003b) . The several alloantigen systems contribute extensive polymorphism in normal chicken populations, providing opportunity to simultaneously evaluate the immunological role of these gene systems.
